Abstract
Introduction
1 0 physiological variables were interpolated to 1-s intervals, time-aligned, and averaged 1 3 8 into 5-s bins [18] . Arterial-venous oxygen difference was calculated as the ratio between 1 3 9 V ሶ O 2 and the product of heart rate and stroke volume.
4 0
Physiological variables at rest were defined as the average value obtained 1 4 1 during 1 min before exercise onset, and those at peak exercise were defined as the 1 4 2 average value obtained during the last 30 s of exercise test [18, 21] . The ventilatory where the ventilatory equivalent of oxygen reaches its minimum or starts to increase, which the end-tidal oxygen fraction reaches a minimum or starts to increase, without a as an average based on the values provided by two independent raters (NI and YS), two raters was less than 100 mL·min -1 [31, 32] . In case of any discrepancy, a third Statistical analysis
The G Power computer program version 3.1.9.2 (Heinrich Heine University, analyses were performed using the Bonferroni multiple comparison test.
The increase in
V ሶ
O 2 from rest to ventilatory threshold and that from rest to significant. with stroke participated in the study. Table 1 shows the characteristics of the Values are presented as mean ± SD or number (%). No significant adverse events occurred during or after exercise test. All
participants stopped their exercise test due to inability to maintain cycling cadence more
than 40 rpm. In addition, all participants met at least one of the criteria for reaching for dyspnea and leg effort at the end of the test were 13 (13-15) and 15 (13-15),
respectively. Mean ± standard deviation of work rate at peak exercise was 69.4 ± 30.6
Measurement values at rest, ventilatory threshold, and peak exercise are shown 2 0 5
in Table 2 . We observed a main effect of exercise period on all physiological variables 2 0 6 (p < 0.001). All physiological variables at ventilatory threshold were significantly 2 0 7
higher than those at rest (p < 0.001). From ventilatory threshold to peak exercise,
respiratory rate, tidal volume, and heart rate significantly increased (mean difference = 2 0 9
198.6, 95% confidence interval [CI] = 95.4, 301.7, and p < 0.001; mean difference = 7.5, whereas no significant changes in stroke volume and arterial-venous oxygen difference 2 1 3
were found (mean difference = -1.9, 95% CI = -6.9, 3.0, and p = 0.945; mean difference 2 1 4 = 0.74, 95% CI = -0.22, 1.70, and p = 0.172, respectively). A p value represents a significant main effect of exercise period.
1 8
* , a significant difference between ventilatory threshold and rest (p < 0.001).
2 1 9 † , a significant difference between peak exercise and rest (p < 0.001). 0.006) (Fig 2b) , heart rate (r = 0.804; 95% CI = 0.540, 0.924; and p < 0.001) (Fig 2c) , and
arterial-venous oxygen difference (r = 0.752; 95% CI = 0.440, 0.902; and p < 0.001) (Fig 2e) .
Stepwise multiple regression analysis revealed that the increases in heart rate (β = 0.546) and 2 2 7
arterial-venous oxygen difference (β = 0.398) were the significant determinants for the
increase in
V ሶ
O 2 (adjusted R 2 = 0.703, p < 0.001) ( Table 3) . arterial-venous oxygen difference (e) from rest to ventilatory threshold. with the increases in tidal volume (r = 0.806; 95% CI = 0.544, 0.925; and p < 0.001) (Fig 3b) ,
heart rate (r = 0.691; 95% CI = 0.330, 0.875; and p = 0.002) (Fig 3c) , and arterial-venous
oxygen difference (r = 0.729; 95% CI = 0.398, 0.892; and p < 0.001) (Fig 3e) . Stepwise < 0.001) ( Table 4) . arterial-venous oxygen difference (e) from rest to peak exercise. This study is the first to explore the physiological determinants of the increase in increases in heart rate and arterial-venous oxygen difference were the significant and heart rate were the significant determinants of the increase in
impairments in these variables may negatively affect cardiorespiratory fitness in individuals
with stroke.
The results of correlation analyses may support previous studies suggesting that 2 7 2 impaired tidal volume, heart rate, and arterial-venous oxygen difference at peak exercise limit
cardiorespiratory fitness in individuals with stroke [12, [16] [17] [18] 31] . Contrary to our hypothesis,
only the increase in heart rate was identified as one of the significant determinants of both the 2 7 5 increases in
O 2 from rest to ventilatory threshold and that from rest to peak exercise, which exercise in individuals with stroke may be attributed to the impaired increase in heart rate. Our results suggest that cardiac function to supply oxygen rather than the ability of skeletal 2 8 0 muscles to extract oxygen affects cardiorespiratory fitness in individuals with stroke. extremity have also been reported [37, 38] . These changes after stroke may reduce the ability
of skeletal muscles to extract oxygen. Reduction in the ability of skeletal muscles to extract
oxygen during exercise may increase the dependence of anaerobic glycolysis for energy 2 9 2 output, thus increasing the output of lactic acid [39, 40] . Minute ventilation begins to increase from bicarbonate buffering of lactic acid, which is defined as ventilatory threshold [41] .
9 5
These findings support our results that arterial-venous oxygen difference was identified as threshold.
9 8
Although arterial-venous oxygen difference increases with incremental exercise, that is assumed to be relatively constant at a submaximal work rate [35] . We observed a motion of the diaphragm, and reduced chest wall excursion may limit the increase in tidal
volume during exercise [12, 42] . however our results suggest that arterial-venous oxygen difference and tidal volume are also 3 2 8
significant physiological determinants of increase in
V ሶ
O 2 from rest to ventilatory threshold
